Introduction
The Maghrebides are part of the periMediterranean belt of late Tertiary age that delimits the African and the European plates and runs from the Betico-Rifan arc to Calabria (Fig. 1a , inset). Classical interpretations (e.g. Ricou, 1994) consider that they formed during the 40-25 Ma time span as a result of underthrusting of the North African margin beneath the Alboran plate (Betic-Rif-Kabylies). The inner zones of the Maghrebides are represented by the Kabylies, mainly formed by inliers of crystalline rocks surrounded by Oligo-Miocene and younger Miocene sediments. PreOligocene reconstructions locate the Kabylies at ‡700 km NNW from their present-day location, along with their counterparts in the Betico-Rifan arc and Calabria-Sicily (Lonergan and White, 1997; Gueguen et al., 1998) .
Classical ideas considered that the Kabylies underwent only slight Alpine overprint (e.g. Peucat et al., 1996) . However, 40 Ar/ 39 Ar ages of high-temperature minerals obtained in Greater Kabylia (Monie´et al., 1988) and Rb/ Sr Alpine ages of biotites in Lesser Kabylia (Peucat et al., 1996) suggest that Alpine events were not negligible in the Kabylian basement units. In this study, we present LA-ICP-MS U-Pb results from monazites and RbSr analyses from biotites extracted from a major high-temperature crustal shear zone from Greater Kabylia. This study was undertaken in order to give time constraints on the main high-temperature shearing event that affected the crystalline rocks of the Kabylian basement and on its possible reactivation during subsequent events, which has implications for unravelling the tectonometamorphic evolution through time of this part of the periMediterranean fold belt.
Geological setting
Greater Kabylia comprises three major domains: Central Greater Kabylia (CGK), Eastern Greater Kabylia (EGK) and the Sidi Ali Bou Nab (SABN) domain (Saadallah and Caby, 1996) (Fig. 1a,b) . In CGK, the Kabylian Detachment Fault is a major low-angle ductile to cataclastic extensional shear zone that sharply delimits a lower unit of amphibolite facies rocks below, from overlying greenschist facies phyllites with 295-315 Ma 40 Ar/ 39 Ar mineral ages (Monie´et al., 1988) and non-metamorphic fossiliferous Palaeozoic sediments. This upper unit, free of Alpine ductile deformation, is unconformably overlain by the Mesozoic to Tertiary sedimentary cover of the Calcareous Range capped by allochthonous Kabylian flyschs. The lower unit, exposed in two half domes, comprises a continuous tectonic pile, 6-8 km thick, of orthogneisses, paragneisses, marbles and micaschists affected by high-temperature syn-metamorphic ductile deformation and yielding 40 Ar/ 39 Ar ages bracketed between 80 and 120 Ma (Monie´et al., 1988) . The SABN unit that is dealt with this study exposes another tectono-metamorphic pile showing a normal metamorphic polarity with downward pressure and temperature increase. It is in tectonic contact with the Naceria diatexites in the north. The SABN granite has been dated by the U-Pb zircon conventional method at 284 ± 3 Ma (Peucat et al., 1996) . It displays a low-pressure thermal aureole (biotite, andalusite, cordierite, K-feldspar, corundum) formed at £3 kbar pressure. Hornfelses were progressively sheared downwards and affected by a distinct synkinematic metamorphic overprint portrayed by the replacement of andalusite by staurolite and kyanite. This metamorphic field gradient indicates temperature and pressure increase downward. The deepest rocks exposed on the southern flank of the SABN ridge below a north-dipping band of high-temperature ultramylonites comprise slightly anatectic metapelites,
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The rock analysed for geochronological purposes (RT-95) is an anatectic graphitic metapelite displaying a protomylonitic fabric (Fig. 2a) . The banding is defined by alternating biotite-rich restitic layers containing clasts of kyanite and garnet up to 1.5 cm in diameter, and quartzofeldspathic ribbons containing antiperthitic plagioclase clasts, considered as sheared leucosomes. Kyanite is observed as minute synkinematic prisms in the matrix and as polycrystalline clasts ( Fig. 2e ) interpreted as pseudomorphs after andalusite, as described from Lesser Kabylia basement (Madjoub et al., 1997) . Sillimanite needles are common along some mylonitic bands and also occur as inclusions in all minerals (Fig. 2d ) and at grain boundaries. No clear microstructural relationships can be determined between syn-kinematic matrix kyanite and fibrolite. Monazite occurs in the matrix or as inclusions in various minerals ( Fig. 2f ) and in leucosomes where it is occasionally euhedral (Fig. 2g) . Pairs of primary garnet cores and primary biotite inclusions ( Fig. 2c) give temperatures around 700°C, whereas secondary biotite and garnet overgrowth ( Fig. 2d) yield temperatures of about 740°C (Ferry and Spear, 1978) . Pressure estimates using the garnet-plagioclase-kyanitequartz geobarometer (Hodges and Spear, 1982) give 1 GPa for peak pressure in agreement with the occurrence of rutile and ilmenite coexisting with kyanite (Bohlen et al., 1983) . These estimates and petrological considerations indicate that after the emplacement of the SABN pluton, synkinematic peak thermal conditions (700-740°C) and partial melting took place towards the boundary between kyanite and sillimanite stability fields and were followed by pervasive hightemperature extensional shearing. A cooling path towards the boundary between kyanite-sillimanite stability fields is thus suggested. Minute white mica is rarely observed along some finer grain ribbons and documents a final stage of negligible synkinematic low-temperature retrogression.
Analytical techniques
For U-Pb analyses, monazite grains were mounted in epoxy resin with chips of a standard material (Manangotry crystal of Poitrasson et al., 2000) and grounded down to half their thickness to expose internal structures. Data were acquired at the University of Montpellier II using a VG Plasmaquad II turbo ICP-MS coupled with a Geolas (Microlas) automated platform housing a 193 nm Compex 102 laser from LambdaPhysik (Go¨ttingen, Germany). Data were acquired in the peak jumping mode similar to the procedure described in Bruguier et al. (2001) using an energy density of 15 J cm )2 at a frequency of 5 Hz and a spot size of 26 lm.
232 Th was not measured during the course of this study as the high Th concentrations resulted in a detector saturation. It was therefore not possible to assess the reliability of the 232 Pb system for the measured monazites. For instrumental mass bias and Pb-U fractionation, measured standards were averaged to give the respective bias factors and their associated errors, which were propagated with the analytical errors of each unknown. For Pb-U ratios, this typically resulted in a 2-5% precision (1r RSD%) after all corrections have been made which, in this age range, translates to a 5-20 Ma uncertainty (see Table 1 ). In the course of this study, 16 analyses of the Manangotry monazite yielded a 207 Pb/ 206 Pb weighted mean of 0.05862 ± 0.00019 (2r) corresponding to an age of 553.0 ± 7.1 Ma. This is in good agreement with the EMP (Electron Micro Probe) (557 ± 20 Ma, Montel et al., 1996) reference age. Ages quoted below were calculated using the Isoplot program of Ludwig (1999) . For Rb-Sr analyses 100 mg of whole-rock sample and 10 mg of biotite were dissolved in a HF/HNO 3 mixture at 120°C. After conversion to chlorides, aliquots of the samples were spiked with 87 Rb and 84 Sr. Rb and Sr were separated by conventional cation-exchange procedures. Isotopic measurements were made on a VG Sector multi-collector mass spectrometer at the University of Montpellier II. An average 87 Sr/ 86 Sr isotopic ratio of 0.710246 ± 20 (2r) was measured for NBS 987 (n ¼ 2). Blanks were lower than 50 pg for Rb and Sr and no blank correction was made.
Geochronology
Forty-six spots were performed on 17 grains and the results are reported in Table 1 . The monazite crystals have rounded to irregular shapes (see Fig. 3 ) although euhedral grains also occur in the leucosomes. Back-scattered electron imaging indicates that most grains show a homogeneous internal structure suggesting a simple growth history (Fig. 3a) , but some often exhibit zones of different brightness, where dark zones (possibly low Th) replace homogeneous brighter parts (Fig. 3b) . These dark zones are irregularly distributed, suggesting that bulk diffusion was not the mechanism responsible for their formation. As they are preferentially, but not exclusively, located in fractured parts of the crystals, they are interpreted as reflecting modification of the original composition during recrystallization processes that may have been enhanced by fluid flows.
Reported on a Terra-Wasserburg diagram (Fig. 4) most data points locate close to, or on Concordia at around 280 Ma. Some points are markedly younger, suggesting that they have suffered U-Pb disturbances. Grain 20, for example, yields a heterogeneous age distribution with 206 Pb/ 238 U ages ranging from c. 140 to 240 Ma. This is interpreted as reflecting post-crystallization disturbances, which are tentatively related to the dark BSE (Back Scattered Electron) replacement zones observed in some crystals. This is consistent with a younging of measured ages associated with these zones. Younger ages present in other analyses (10-4, 11 and 18) Stacey and Kramers (1975) . This is taken as our best estimate for the age of the main monazite growth event. In order to characterize the low temperature evolution of the studied sample, RbSr analyses were performed (Table 2 ). In the Rb-Sr isochron diagram (Fig. 5) , the biotite fraction and the whole rock yielded an early Miocene age of 23.7 ± 1.1 Ma, identical to Ar/ Ar biotite ages (Monie´et al., 1984 (Monie´et al., , 1988 ) obtained on rocks from other lithologies of the SABN massif.
Discussion
The 275.4 ± 4.1 Ma monazite age is c. 10 Ma younger than, but broadly similar to the maximum age of emplacement (284 ± 3 Ma) of the SABN granite (Peucat et al., 1996) . According to its microstructural sites, it is likely that monazite formed during prograde metamorphism through metamorphic reactions consuming precursor minerals such as apatite, xenotime or allanite (e.g. Smith and Barreiro, 1990) and continued under anatectic conditions, as euhedral crystals are observed only in leucosomes (Fig. 2g) . Peak metamorphic temperatures (700-740°C at about 1 GPa) are similar to the classically accepted closure temperature for Pb in monazite (Copeland et al., 1988) , and the 275 Ma Permian age could reflect a cooling event or, given the robustness of the U-Pb system in monazite (Bingen and Van Breemen, 1998; Montel et al., 2000; Bosch et al., 2002) , its prograde growth until anatectic conditions. The similarity in age between monazites from the studied metapelite and zircons from a kyanite metapegmatite (273 ± 6 Ma) emplaced during the first stages of mylonitization (Peucat and Bossie`re, 1991) suggests that the monazite date the high-temperature extensional shear that affected the crustal section of the SABN domain after crystallization of the SABN pluton. This age compares well with similar values obtained on granitoids and gabbros from outermost domains (Thoni and Jagoutz, 1992; Bertrand et al., 2000; Mu¨ntener et al., 2000; Mayer et al., 2000) , Calabria (Graessner et al., 2000) and Corsica (Paquette et al., 2003) . These ages are within the range of the last late-orogenic magmatic pulse of the Variscan Belt of Europe (Schaltegger, 1997) . It is thus inferred that high-temperature crystalline rocks from the Kabylian basement represent an analogue of the north-western part of Adria that recorded pervasive Permian magmatism related to lithospheric thinning leading to the opening of the Tethyan oceanic domain (Stampfli et al., 2001 ). The Rb-Sr age of biotite (24 ± 1 Ma) is in good agreement with other published Ar ages (ranging from 25 to 30 Ma) measured on metamorphic minerals (biotite and muscovite) from rocks of the SABN domain (Monie´et al., 1984 (Monie´et al., , 1988 . This age falls within the main Rb-Sr biotite whole-rock age group (22) (23) (24) (25) (26) defined by Peucat et al. (1996) for basement rocks of the Lesser Kabylia. Collectively all aforementioned ages plead for regional cooling, down to c. 350°C (Dahl, 1996) during the Late Oligocene-Early Miocene, which corresponds to the main phase of thrusting in the internal zone of the Maghrebides (Madjoub et al., 1997), shortly followed by global extension in the western Mediterranean realm (Gelabert et al., 2002; Mauffret et al., 2004) . Do the combination of U-Pb Permian ages and 40 Ar/ 39 Ar lateAlpine ages imply a two-stage evolution? Or is it simply related to a longlived burial of the Variscan crust allowing continuous Ar diffusion up to the Miocene?
The LA-ICP-MS results indicate that some monazite grains have suffered U-Pb disturbances, which is in agreement with a two-stage model. This suggests that the Rb-Sr biotite age is more likely related to a regional cooling subsequent to a reheating event that affected the U-Pb systems of the discordant monazites. Determining the age(s) of these U-Pb disturbances is not possible with the present data set, but can be bracketed by the Rb-Sr biotite age (24 ± 1 Ma) and the 206 Pb/ 238 U age of the youngest discordant monazite (142 ± 24 Ma) . In the present case, it can however be speculated that thermal conditions prevailing during this event were above 300-350°C, but did not reach 500-550°C. This is in agreement with the preservation of some Late Hercynian Rb-Sr muscovite ages in the Kabylies (Peucat et al., 1996) . This is also consistent with partial rejuvenation of monazite under relatively low temperature conditions, either during the waning stages of metamorphism (e.g. Lanzirotti and Hanson, 1995) or linked with fluid circulations (Townsend et al., 2000) .
Most U-Pb lower intercepts from Permian occurrences preserved in the Alpine and peri-Mediterranean areas are Mesozoic in age, as do many Rb-Sr and 40 Ar/
39
Ar mineral ages (Costa and Maluski, 1988; Gebauer, 1993; Monieé t al., 1994) . In the southern Alps, long-lived burial of the hot Variscan crust from the Ivrea Zone was followed by crustal attenuation from Triassic to Late Jurassic times (Zingg et al., 1990; Schmid, 1993) . Triassic reheating resulted from asthenosphere upwelling (Snoke et al., 1999) and is well documented by zircon and monazite overgrowths and/or nucleation in the granulites from the Ivrea Zone (Vavra and Schaltegger, 1999; . A similar evolution also took place in Calabria (Graessner et al., 2000) . At variance with the south Alpine block where thermal and decompressional pulses linked to extension led to Permo-Mesozoic crustal thinning leading to continental break up and opening of the Neothethys (Stampfli et al., 2001) , Mesozoic heating periods in Greater Kabylia are more discrete and are only recorded through some mineral ages. Cretaceous ages (c. 128 Ma) have been interpreted as dating a shearing event, responsible for the blastesis of green biotite and phengite in gneisses (Cheilletz et al., 1999) . In the SABN domain, pre-Alpine heating events are not clearly documented and are only suggested by low temperature replacement zones affecting monazite grains. This suggests that, during the Mesozoic, rocks from the middle crust of CGK and SABN were only slightly reheated as they were still attached to southern Europe (or possibly formed the AlKaPeCa (Alboran-KabyliaPeleritan-Calabria) domain; Lonergan and White, 1997). At the scale 
Conclusions
Anatectic metapelites from Greater Kabylia affected by high-temperature mylonitic deformation reached hightemperature amphibolite facies conditions (740°C at 1 Gpa) at 275 ± 4 Ma. This age correlates with similar ages from other crustal domains from south and south-eastern Europe that suffered Permo-Mesozoic crustal thinning predating the Tethys opening. As a consequence, it is suggested that the basement rocks of Greater Kabylia represent a southern counterpart of the north-western part of Adria, affected by pervasive Permian magmatism and deformation. During Late Oligocene-Early Miocene times, exhumation brought deep crustal units of Greater Kabylia up to shallow levels as indicated by the RbSr biotite age of 23.7 ± 1.1 Ma. This event was synchronous with the main phase of nappe emplacement well identified in Lesser Kabylia (Madjoub et al., 1997) and was followed by disruption of the Alboran microplate and opening of the Alboran Sea.
